T
HERE are various degrees of cerebral edema associated with tissue death from injury. That edema also occurs without tissue death is supported by clinical experience as well as in the laboratory when study of animals poisoned by organic tin compounds demonstrated intact cell membranes. This led to the assumption that temporary alterations in permeability or transport mechanisms accounted for the edema. To the extent that cell membranes constitute some barrier to the bulk flow of water and its solute, the fluid of edema, osmotic gradients may be operative in the movement of that fluid. The role of these measurable gradients in cerebral edema needs clarification.
If we accept the debatable tenet that body tissues are in osmotic uniformity a change in plasma osmolality can influence brain bulk and intracranial pressure. This influence may carry clinical significance.
Measurements of brain water in animals following the imposition of an osmotic gradient between plasma and extravascular brain tissue have shown alterations which would be expected if water moved passively across membranes in response to a differential rise or fall in solute concentration.
Studies recently published 4 have shown that when the osmotic activity of guinea pig plasma is altered approximately 12 per cent above or below control values, there is not only a corresponding decrease or increase in brain water, but also a rise or fall in brain tissue fluid osmolality. Changes in brain sodium and potassium have been observed which support the concept of tissue solute concentration or dilution. These data pro- vide evidence that the criteria of brain edema (and brain shrinkage) can be met by the action of osmotic gradients in otherwise uninjured tissue and that this form of edema may be considered reversible.
By contrast, when similar studies are made of tissue injured sufficiently to produce necrosis, the role of osmotic gradients is not clear. The present study has been undertaken to elucidate this role.
Methods
A localized injury was selected as the method of producing an edema that would allow each animal to act as its own control. Injured tissue could be compared with noninjured tissue.
The technique of Clasen et al. 1 was employed in which a cold injury was made through the intact skull over the left (experimental) hemisphere in 15 dogs. Each animal was anesthetized with intravenously administered pentobarbital. The head was immobilized in a stereotaxic frame, the scalp incised, and the temporalis muscles dissected off the calvarium. An aluminum cylinder surrounded by a conical jacket was secured to the parietal eminence by aquarium cement. Isopentane placed in the center cylinder was cooled by liquid nitrogen placed in the outer jacket to the point of solidification of the isopentane. The liquid nitrogen was then replaced by warm water, the isopentane thawed and the cone removed. Approximately 5 minutes were required for cooling the isopentane. Tile muscles were then loosely sutured in place and the scalp wound closed.
The animals were allowed to recover from the procedure and following an interval of 6 to 72 hours (48 hours being the usual period) they were reanesthetized and studied as follows:
Heparinized venous blood and cisternal cerebrospinal fluid specimens were collected. Both cerebral hemispheres were exposed and cores of mixed gray and white matter were obtained from each hemisphere. On the experimental side, the sample was taken from the center of the visible lesion. Each brain sample was handled in as nearly identical fashion as possible: the excess blood was quickly blotted from the specimen, and the tissue was cut into 3 blocks. Two blocks were plunged into liquid nitrogen and the third was placed in a previously weighed, Potter-Elvehjem homogenizer tube.
Analyses were conducted on these specimens as follows: Osmolality of the specimen of plasma and cisternal cerebrospinal fluid was determined by the measurement of freezing point depression with a Fiske osmometer. A homogcnate of brain tissue was prepared from one of the nitrogen immersed specimens by grinding it under liquid nitrogen and subsequently mixing it with a solution of cold sodium chloride of known weight and osmolality. The supernatant fluid collected after cold centrifugation of this homogenate was analyzed for osmotic activity in the same manner as was the plasma and cisternal fluid.
The second nitrogen-immersed brain specimen was also ground in a mortar and subsequently analyzed for water content by drying in porcelain crucibles into which it was spread to a constant weight, and the dry tissue was then subjetted to spectrophotometric analysis of sodium and potassium content. The remaining wet brain sample was converted to a homogenate with distilled water and analyzed for total blood content by the method of Klein2 This method, based upon changes in light absorption produced by the conversion of methemoglobin to cyanmethemoglobin, utilizes optically clear filtrates obtained by treating tissue extracts with ammonium sulfate. The total hemoglobin of tissue is spcctrophotometrically measured as cyanmethemoglobin and compared with whole blood samples to yield a percentage content of whole blood in the tissue analyzed.
Further details of the methods may be found in the paper by Stern and Coxon. 4
Results
The results in all 15 animals are combined in Table 1 ; the experimental lesion consistently showed an increase in tissue water, an increase in tissue sodium and a decrease in tissue potassium, but minimal change in 
